Objective To provide a meta-analysis of research that has examined the cognitive functioning of children and adults with cleft lip (CL), cleft palate (CP), and cleft lip and palate (CLP). Methods Data from 29 studies, which compared persons with a cleft to a control group on tests of cognitive functioning, were analyzed. The data were obtained from 1,546 persons with cleft and 279,805 controls. Results Participants with a cleft performed significantly worse on 7 cognitive domains. However, the only moderate and significant deficit, which was based on nonheterogeneous study findings and not subject to publication bias, was in the language domain. CL, CP, and CLP were all associated with cognitive impairments, although the profiles for the groups differed. Conclusions Cross-sectional studies suggest that persons with clefts experience poorer cognitive functioning across a range of domains, although large-scale longitudinal studies are needed to more definitively differentiate outcomes by cleft type.
A cleft, affecting the lip and/or palate, is one of the most common birth defects and the most common cause of craniofacial anomalies in infants (Canfield et al., 2006) . Cleft lips (CLs) and cleft palates (CPs) both result from abnormal facial development during gestation. A CL involves one or more clefts in the upper lip due to a failure in the two sides of the upper lip and nose to fuse correctly and a CP involves a fissure in the midline of the roof of the mouth where the two sides of the palate have failed to join normally, which may additionally be associated with a cleft lip and palate (CLP) (Anderson, 1998) . Clefts can either be of nonsyndromal origin, where the etiology is unknown, or syndromal, where the cleft is part of a known syndrome. Syndromal clefts are associated with a range of other congenital malformations and more diverse outcomes (e.g. Apert Syndrome is associated with respiratory, hearing, speech, attention, and language difficulties), consequently they are not the focus of this study. In the largest U.S. study of infants with nonsyndromal orofacial clefts, the prevalence of CL, CP, and CLP was estimated to be 0.3, 0.4, and 0.5 per 1,000 live births, respectively (total prevalence: 1.2 per 1,000 live births) (Genisca et al., 2009) .
Over the past 30 years, there have been significant improvements in our ability to correct some of the more severe orofacial deformities, such as clefts, with an associated decrease in the morbidities that are associated both with the condition itself and the corrective surgery (Monro, 1995) . Despite this, most children with CL, CP, or CLP continue to experience one or more of a range of associated difficulties, including chronic ear infections and problems with feeding and growth, dental development, and speech and language development.
Cognitive and academic problems have also been reported in children and adults with CL/CP/CLP by researchers who have attempted to document the full extent of problems that can arise from these three conditions (e.g., Broder, Richman, & Matheson, 1998) . In addition, recent research has found that children and adults with CLP have abnormal brain structure. For example, children with clefts reportedly have smaller brain volumes, with the frontal lobes and certain subcortical nuclei (caudate, putamen, and globus pallidus) being most affected (Nopoulos, Langbehn, Canady, Magnotta, & Richman, 2007) . In contrast, adult males with clefts have been found to have normal brain volumes but enlarged frontal and parietal lobes, and smaller temporal and occipital lobes (Nopoulos et al., 2001 ). These differences in brain volume and structure may be related to the cognitive problems that have been reported in people with orofacial clefts (Nopolous et al., 2002) .
Other factors that may contribute to the development of cognitive problems in people with clefts include hearing or speech deficits and the psychological effects of living with a facial disfigurement. Moreover, there are a number of variables that are thought to affect the likelihood of developing cognitive problems, including the age at which a cleft is surgically repaired (e.g., Murray et al., 2008) , whether there is a history of articulation or hearing problems (e.g., Jocelyn, Penko, & Rode, 1996) , cleft type (CL, CP, or CLP) (e.g., Nakajima, Mutsudome, & Yosikawa, 2001; Persson, Becker, & Svensson, 2008) , and severity of the cleft(s) (e.g., Fox, Lynch, & Brookshire, 1978) . Gender has also been related to cognitive outcome in some studies. For example, Broder et al. (1998) found a significant interaction between cleft type and gender, with males with CP having the highest rate of learning problems. However, other studies have not found any gender differences (e.g., Nakajima et al., 2001) .
Although the cognitive abilities of children and adults with CL/CP/CLP have been examined, the findings are inconsistent. Indeed, some studies report superior performance by individuals with clefts (compared to healthy controls) on specific cognitive tasks (e.g., Pecyna, Feeney-Giacoma, & Neiman, 1987) , some report no cognitive impairments (e.g., Persson et al., 2008; Starr, Chinsky, Canter & Meier, 1977) or only verbal impairments (e.g., Ruess, 1965) , and others report more global cognitive deficits (e.g., Nopolous et al., 2002; Speltz et al., 2000) . In addition, there are a number of literature reviews on cognitive functioning in CL/CP/CLP (e.g., De Soussa, Devare, & Ghanshani, 2009; Hunt, Burden, Hepper, & Johnston, 2005) but, not surprisingly, the conclusions drawn from these reviews are inconsistent. Furthermore, the selective inclusion of research and/or the failure to specify the criteria by which research was selected, make it difficult to evaluate and compare these reviews.
Variation in the research findings on the cognitive functioning of children and adults with CL/CP/CLP may, in part, result from the large number of tests that have been used to assess a range of different cognitive functions (e.g., development, intelligence, achievement, or specific cognitive functions) together with the fact that not all studies have separately examined outcome for different types of clefts (i.e., CL, CP, CLP). In addition, different control groups have been used in order to determine whether cognitive deficits exist or not. Specifically, a number of studies have compared participants with clefts to published normative data rather than to matched controls (e.g., Kapp-Simon & Kreukeberg, 2000; Starr et al., 1977) . Alternatively, where studies have used a control group, some have recruited healthy controls (e.g., Murray et al., 2008) , some have used sibling controls (e.g., Ruess, 1965) , and others have used controls who have been diagnosed with another chronic condition (e.g., Lovius, 1971) . Moreover, most studies are based on a small number of participants, especially when grouped according to type of cleft. In combination, these methodological differences are likely to have contributed to variation in the research findings. Finally, published research from previous decades may not be equally relevant today, due to recent improvements in both surgical techniques and the management of hearing and speech impairments, the introduction of early academic interventions, and the possibility that there is a greater acceptance of (and less stigma associated with) orofacial clefts in schools and communities.
An improved understanding of the cognitive and academic consequences of CL, CP, and CLP is essential in order to be able to educate and inform families, use early interventions to prevent or minimize the development of cognitive problems, and provide educational support to those children, adolescents and adults whose cognitive problems are affecting their learning. The current study, therefore, meta-analyzed existing published research that has examined the cognitive functioning of infants, children or adults with CL, CP, or CLP in order to establish both the nature and severity of cognitive impairments that are associated with nonsyndromal orofacial clefts, when compared to a control group. As recent research suggests that CL, CP, and CLP may be etiologically distinct (e.g., Genisca et al., 2009) . A secondary aim was to compare the cognitive profiles of the three cleft types. Although limited, existing research has produced mixed findings with regard to differences in cognitive functioning between cleft types. For example, whereas Persson et al., (2008) and Conrad et al., (2009) both found that CP had poorer cognitive outcomes than those with CL and CLP, Collett, Leroux et al., (2010) have reported that children with CP had stronger, and children with CLP had equivalent, reading skills than control children.
Methods

Literature Search and Inclusion Criteria
The PubMed and PsychINFO electronic databases were searched from January 1960 to January 2011 in order to identify studies that examined cognitive functioning in people with CL and/or CP. The initial search used a large number of search terms in order to capture all relevant articles (N ¼ 190 search terms; refer to Table A of the Supplementary Material). A study was eligible for inclusion if it met the following criteria: (a) was published in a journal in English; (b) examined a CL, CP, and/or CLP group, together with an age-matched noncleft control group (excluding norms); (c) was not a case study; (d) no participant was identified as having a known syndrome (i.e. Smith-Lemili-Opitz syndrome) or comorbid condition that might affect cognition (i.e. microcephaly); (e) tests of cognitive functioning were administered; and (f) the results were reported in a format that enabled the calculation of an effect size (i.e. means, SDs, t-tests, one-way F-statistics, odds ratios, exact p-values).
The literature searches initially identified 3,683 articles (refer to Figure A of the Supplementary Material). A preliminary application of the inclusion criteria to the titles and abstracts of these articles identified 160 studies that were potentially relevant. Reapplication of the inclusion criteria to the full-text versions of these papers revealed that 129 did not meet the inclusion criteria, leaving 31 studies. An examination of the reference lists of all retrieved articles identified a further 26 studies; 14 of which were potentially relevant. Two of these additional references met all of the eligibility criteria, increasing the number of studies to 33 (see Figure A of the Supplementary Material for details of study numbers by data base).
Meta-analytic procedures require that all samples are independent of one another (Rosenthal, 1995) . For this reason, two studies by Lewis (1971 Lewis ( , 1961 , two studies by Conrad and colleagues (Conrad et al., 2008; Conrad et al., 2009 ) and three studies by Nopoulos and colleagues (Goldsberry, O'Leary, Hichwa, & Nopoulos, 2006; Nopoulos et al., 2001 Nopoulos et al., , 2002 , which used the same participants, were combined and treated as one; reducing the final number of independent studies to 29.
Data Collection and Preparation
Demographic and medical data (e.g., age, gender, diagnosis, number of craniofacial surgical procedures, age at first surgery), methodological information (e.g., cognitive test, participant numbers), and the data required for the calculation of the effect sizes were extracted from each study.
Each cognitive test was subsequently classified into 1 of 10 categories, reflecting the main cognitive domain that it assessed: processing speed, memory-immediate recall and delayed recall, language, attention/executive functions, sensorimotor function, motor function, general cognition, academic ability, and visuospatial ability (refer to Supplementary materials, Table B for the test  classifications) .
In some studies, children underwent repeated testing at different ages in order to evaluate developmental changes in performance. Assessments undertaken at older ages are thought to provide a better predictor of outcome in children (Richman & Eliason, 1986) , consequently only data from the final assessment were analyzed when multiple assessments were reported.
Effect Size Calculation and Interpretation
Cohen's d effect sizes were used to compare the difference between the cognitive performance of the cleft and control groups (Zakzanis, 2001) for the 10 broad cognitive domains. A negative d indicates that the cleft group performed more poorly than the controls. According to Cohen (1992) , a small effect is defined as d ¼ .2, a medium effect as d ¼ .5 and a large effect as d ¼ .8, with an effect size of .5 indicating that the average scores of the two groups differ by one half of a pooled standard deviation. If means and standard deviations were not provided, t-values, one-way F-statistics, exact p-values and odds ratios were converted to d (Chinn, 2000; Lipsey & Wilson, 2001; Zakzanis, 2001) .
Mean effect sizes were calculated for each of the cognitive domains (i.e., processing speed, memory, language, etc.) using a multi-stage process. First, effect sizes were calculated for every cognitive test that was used by a study and these were then sorted by cognitive domain. If an individual study provided multiple effect sizes (i.e., multiple tests or scores) for a cognitive domain, these were averaged so that each study only contributed a single effect size to the calculation of an average for that cognitive domain (i.e., one study, one vote principal; Turner & Bernard, 2006) . As the reliability of an effect size is affected by sample size, it is important to weight effect sizes from different studies before they are combined to calculate a mean effect size (Lipsey & Wilson, 2001 ). This was done by weighting effect sizes by their inverse variance (i.e., the inverse of the squared standard error), as this provides a more precise measure of reliability than sample size (Hedges & Olkin, 1985) . The weighted effect sizes for all studies that assessed a particular cognitive domain were then averaged in order to evaluate the effects of CL, CP, and CLP on cognitive functioning.
A number of additional statistics were also calculated to aid in the interpretation of the results. More specifically, 95% confidence intervals (95% CIs) were calculated to provide a measure of the statistical significance of the effect sizes. If a CI does not span zero, this indicates that there is a significant difference in the performance of the cleft and control groups (Hedges & Olkin, 1985; Lipsey & Wilson, 2001 ). In addition, percentage overlap scores (%OL) were calculated to provide a measure of the extent to which the scores of the two groups overlapped (Zakzanis, Leach, & Kaplan, 1999) ; d ¼ 0 signifies complete overlap between the groups (%OL ¼ 100%) and d ¼ 4.00 almost complete discrimination (%OL ¼ 2.3%). Fail safe Ns (N fs ) were also calculated to address the bias toward publishing studies with significant findings, which may inflate the final effect size calculations. The N fs statistic provides a hypothetical measure of the number of unpublished studies with nonsignificant results (i.e., small effects: d .2) that would need to exist (in file drawers) in order to call the current findings into question (Rosenthal, 1995; Zakzanis, 2001 ). The larger the N fs , the more confidence we have in that finding. Finally, a measure of heterogeneity (I 2 ) was also calculated to determine whether the variability in the effect sizes that were obtained from different studies (and then averaged to obtain an overall effect size for each cognitive domain) was due to normal sampling error or caused by systematic differences between studies, such as differences in the inclusion and exclusion criteria, recruitment methods or participation rates (Sutton, Abrams, Jones, Sheldon, & Fong, 2000) .
The conclusions drawn from this meta-analysis are based on the combined interpretation of the Cohen's d, 95% CIs, N fs , and I 2 statistics. We argue that we can be more confident that cognition is impaired in the cleft group if there are moderate to large (d ! .5) and significant (95% CIs 6 ¼ 0) differences in the cognitive performance of the cleft and control groups. In addition, the N fs statistic needs to be large enough to indicate that it is unlikely that there would be sufficient unpublished studies with small effects to draw the current findings into question (N fs > N studies ). Finally, there should be statistical homogeneity between studies (I 2 nonsignificant) to enable the conclusion that variability in effect sizes was due to normal sampling error, rather than systematic differences between studies. The Cochrane collaboration (Higgins & Green, 2011) suggests I 2 values over 40% may represent heterogeneity of a moderate (30-60%), substantial (50-90%), or considerable (75-100%) degree. While the main focus is on those results that meet all of these statistical criteria, the data from all studies that met our inclusion criteria are provided. In a number of instances there were only a small number of studies that had assessed a cognitive domain. This data is provided in the interests of completeness, as this is an emerging area of research. However, the greater the number of studies and participants, the more confident we can be of a finding. The data from all 30 studies, regardless of cleft type were initially analyzed together, after which the data for CL, CP, and CLP were analyzed separately in order to evaluate the cognitive profiles of each cleft type.
Results
Participant Characteristics
In total, data from 29 studies were analyzed. Twenty-five studies used healthy controls, three used sibling controls and one used orthopedic patients. The methods for recruiting control participants was not always reported but included recruitment via friends (N studies ¼ 1), health services (N studies ¼ 7), advertising (N studies ¼ 2), and schools (N studies ¼ 7). Demographic data for the cleft and noncleft groups are reported in Table I which shows that participant's mean age ranged from 1 to 30 years, with a mean age for the cleft and noncleft groups of 11 years (SD ¼ 8) 
Cognitive Effects of Clefts
The weighted mean effect sizes for each cognitive domain, comparing all participants with and without a cleft (CL, CP, and CLP), are provided in Table II . As can be seen, general cognitive ability and language were the most commonly assessed domains (N studies ¼ 17 and 15, respectively), followed by academic ability (N studies ¼ 6), attention (N studies ¼ 5) and motor skills (N studies ¼ 5), with only a few studies assessing the other domains (N studies ¼ 1-3). Importantly, with one exception (processing speed), the cleft samples were reasonably sized (N participants ¼ 50-946). Participants with a cleft were found to have moderate and significant deficits in immediate memory, language, and attention/executive abilities (Table II) . However, there was a high degree of heterogeneity for the immediate memory and attention effect sizes obtained by individual studies (i.e., I 2 > 40%). There were also small but significant negative effects (deficits) for the sensorimotor, motor, general cognition, academic and delayed memory measures. The forest plot in Figure 1 shows the mean effect size and CIs for each cognitive domain. Thus, while there were small to moderate significant effects on 7 of the 10 cognitive domains, only the moderate deficit in the language domain was based on nonheterogeneous study findings and not subject to publication bias.
Cognitive Effects of Different Types of Clefts
The cognitive data for three different cleft groups (CL, CP, and CLP) were also analyzed separately in order to determine whether there were different patterns of performance for the three cleft types. In total, there were 20 studies that reported data separately for specific cleft groups. Summary demographic data for these studies are provided in Table III (refer to Supplementary Materials, Table D , for effect sizes for each study and cognitive measure). Age and gender were not consistently reported for specific cleft groups but the available data is presented in Table III . Three studies specifically assessed the cognitive performance of participants with a CL, compared to a control group. No cognitive domain was assessed by more than two studies and some domains were not investigated at all (i.e., processing speed, sensorimotor and motor functions, general cognition, delayed memory). Attention and general cognitive ability (N studies ¼ 2) and immediate memory, language, and visuospatial abilities (N studies ¼ 1) have all been examined. Sample sizes were small (N participants ¼ 8-22), reflecting the low number of studies with participants with a CL.
The mean weighted effect sizes for all cognitive domains for the CL group are reported in Table IV . Participants with a CL showed moderate and high-moderate statistically significant deficits in language and general cognitive ability, respectively, with low but acceptable N fs statistics and statistical homogeneity for general cognitive ability. However, this finding was based on only two studies and only one study examined language ability. Thus, of the domains that have been examined, the data suggests that a CL may be associated with specific language problems and more pervasive cognitive deficits, however, there are insufficient studies to draw any reliable conclusions.
There were 12 studies that compared the cognitive functioning of participants with a CP to that of a control group (refer to Table IV). However, only two domains were assessed by more than two studies; namley language (N studies ¼ 7) and general cognitive ability (N studies ¼ 6). Attention, motor ability, and academic ability were all assessed by two studies, while immediate memory and visuospatial ability were only assessed by one study. No study included measures of processing speed, sensorimotor function or delayed memory. Sample sizes were variable, ranging from small for the cognitive domains that were assessed by only one or two studies (N participants ¼ 22-67) but larger for language (N participants ¼ 289) and general cognitive ability (N participants ¼ 238).
Participants with a CP were found to have large impairments in immediate memory, as seen by the large Cohen's d, 95% CIs that did not span zero, the N studies > N fs , and the nonsignificant I 2 ; all of which met the study criteria. In addition, language and motor functioning met all but one of the study criteria; with high I 2 values for these domains indicating a high degree of variability in the effect sizes found by individual studies. Overall, these results suggest people with CP experience large deficits in immediate memory and, possibly, language and motor functions. However, these findings can only be considered tentative as not all statistical criteria were met.
Finally, there were 13 studies that examined the cognitive functioning of people with a CLP (refer to Table IV) . General cognitive ability, language, and attention were the most commonly assessed domains (N studies ¼ 8, 5, 4, respectively), with only a few studies assessing motor skills, academic ability, visuospatial ability, and immediate memory. (N studies ¼ 1-3) . Processing speed, sensorimotor functions, and delayed memory were not investigated by any of these studies. Once again, the CLP samples varied considerably in size (N participants ¼ 14-287). As seen in Table IV , people with a CLP showed moderate and significant impairments in immediate memory (based on only one study) and language. The findings for the remaining cognitive domains did not meet the study criteria. Therefore, CLP only appears to be associated with impaired language skills.
Discussion
The current study analyzed data from a total of 29 studies that have examined the cognitive functioning of participants with nonsyndromal clefts, compared to that of age-matched controls, in order to determine the extent to which cognitive functioning is compromised by a cleft. The final data set included 1,546 persons with clefts (642 males, 305 females) with a mean age of 10 years (SD ¼ 8) and a control group of 279,805 persons. The higher number of males with clefts is consistent with previous reports indicating a higher prevalence of cleft conditions in males (Genisca et al., 2009) . Notably, people with a cleft of any kind (CL, CP or CLP) performed significantly worse on 7 out of 10 cognitive domains. However, only the moderate and significant deficit in the language domain met the criteria for study homogeneity and publication bias; making this the most compelling finding.
Only a small number of studies (N < 3) examined five of the 10 cognitive domains: processing speed, immediate memory, delayed memory, sensorimotor function, and visuospatial ability, limiting our ability to draw conclusions regarding these domains. As heterogeneity analyses have limited power when they are based on a small number of effects, we may have failed to detect heterogeneity in some cognitive domains. Moreover, the significant heterogeneity statistics for many cognitive domains may reflect the fact that a variety of different tests were used to assess each domain, particularly attention/executive functions. In addition, this heterogeneity may reflect the inclusion of studies that used both toddlers and older children and young adults. However, at present, there are insufficient data to analyze these age groups separately or to examine the impact of age on cognitive function in persons with a cleft. Longitudinal studies are needed in order to clarify the impact of a cleft on an individual's cognitive and motor development from infancy through to adulthood. At this stage, almost all studies have been cross-sectional or only followed participants over a few years. A further issue limiting our ability to draw firm conclusions from these findings was the low N fs for many of the cognitive domains. This is likely to have resulted from the small number of studies that have been published to date combined with small effect sizes, which reduced the robustness of the findings.
It has been recently suggested that etiological differences between the different cleft types may lead to differences in the neuro-development (Genisca et al., 2009) and cognitive functioning (e.g. Persson et al., 2008) of these groups. Consequently, we additionally examined cognitive impairments by cleft type. Importantly, the sample sizes in this part of the analysis were low: the mean number of participants was 10 for CL, 52 for CP and 30 for CLP. All three cleft types were associated with cognitive impairments, although the profile of deficits appears to differ. Language skills appear to be affected by CL and CLP, general cognition by CL, and immediate memory by CP and CLP. However, given the limitations of this analysis, these should only be considered preliminary findings as the only impairment by cleft-type finding that met all of the statistical criteria was the language impairment found for CLP.
The current study highlights the need for large-scale studies that include more participants for each cleft group (CL, CP, CLP) and use common measures to assess cognitive functioning across the full range of areas of cognition to clarify our understanding of the impact that a cleft has on a person's development. While participants in the current analysis were generally well-matched for age, it is also important to match for gender and other potential confounding variables (e.g., socioeconomic status, cleft severity). For example, clefts are more prevalent in lower socioeconomic groups (e.g., Durning, Chestnutt, Mogan, & Nester, 2006) , making it important to additionally match samples on this variable. While more recent studies have controlled for the lower socioeconomic status of the cleft groups in their analyses (e.g., Conrad et al., 2009) , older studies have not. Unfortunately, there were insufficient studies to consider this issue further. Indeed, many studies that were included in the current analysis did not report socioeconomic status. In addition, clefts can vary in severity, which may also impact on cognitive functioning, and should also be considered. Despite these limitations, this meta-analysis provides the first quantitative review of research in this area. Some of the strengths of this work include the fact that a careful, methodical, and extensive review of the literature were undertaken, there were clear inclusion criteria, and effect sizes were calculated, and it served to integrate the findings of 29 studies in a way that is not possible in a narrative review.
It is worth noting that only the language impairments for the combined cleft groups and the CLP group alone met all of the statistical criteria. While it may be the case that hearing and speech deficits, together with the psychological effects of living with a facial disfigurement, predispose persons with clefts to developing specific language problems, moderate to large deficits in other cognitive functions were also frequently observed. However, the latter results were inconclusive because there were too few studies, low N fs statistics (which partly reflects the small number of studies), and significant heterogeneity in the data; suggesting the need for further research, which additionally examines some of the moderating variables that contribute to this heterogeneity.
In terms of the practical implications for clinicians working in this area, these results suggest that language functioning should be routinely assessed in all persons with a cleft, appropriate interventions provided, and outcomes closely monitored, including the impact of language impairments on the post school training and employment success of adults with clefts. At present, there is insufficient evidence regarding the other cognitive domains to provide clear advice but, where possible, a cautious approach would be to assess the full range of cognitive abilities, pending further research.
Future researchers should ensure that studies are conducted and reported in a way that will enable their data to be meta-analyzed by including descriptive data (means, SDs) for all tests (regardless of statistical significance) and broken down by cleft type. In addition, information relating to potential moderating variables (e.g., age, gender, age of cleft repair) should be reported to enable an analysis of their impact on cognitive outcome. It is a real concern that even very basic information, such as age and gender, were not reported in a substantial number of studies (N ¼ 12 and N ¼ 7 from a total of 29 studies, respectively). In addition, many studies did not report data by cleft type; this information should be routinely provided, along with demographic information. Finally, socioeconomic status is known to be related to clefting (e.g., Clark, Mossey, Sharp, & Little, 2003) and should, therefore, always be reported.
Given that clefts are one of the most common birth defects, it is surprising that the research conducted over the last 50 years has not yet reached a point where basic questions regarding the cognitive profiles of people with clefts can be answered confidently. This knowledge is needed in order to provide a sound foundation upon which clinical work with this population can be based.
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